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Abstract. The study presents changes of biochemical parameters and cytological profile in the 
haemolymph of Apis mellifera Carpathica bee in stressful conditions compared with aspects in 
haemolymph of natural living bees. Investigations were made in 2009 on a total of 20 colonies under 
stress factors and 176 colonies of healthy bees. Harvesting and processing of haemolymph fresh 
samples from both groups were followed by analysis via classical biochemistry and cytological 
examination. In stressed bees haemolymph were found significant increases in alkaline phosphatase 
(ALP), aspartataminotransferaze (AST), gammaglutamiltranspeptidaze (GGT), creatinine (Cre), total 
calcium (Ca), triglycerides (TG) and significant reduction of magnesium (Mg), compared with values 
in natural living bees. The others analyzed biochemical parameters (GPT/ALT, CPK, GLU, T-Pro, 
UA, Urea) showed no significant differences between stressed bees and natural living bees. 
Monitoring the metabolic status of bees in stress conditions requires only evaluation of a few 
biochemical parameters (ALP, AST, GGT, total Ca, Mg, Cre and TG). The cytological investigation 
showed differences in the proportion of haemocyte types between the 2 groups of natural living 
honeybees and the 2 groups of bees kept in stressful conditions. It was observed an inversion of 
proportion between plasmatocyte cells (PL) and granulocyte cells (GR), with increased percent of PL 
and prohaemocyte cells (PRO) in the haemolymph of stressed bees, wile oeonocyte (OE) and other 
cells showed no important variations. The cytological profile of bees in stressful conditions shows the 
importance of monitoring the differentiate haemocyte count. Biochemical investigations correlated to 
the cytological ones more accurately reflect the transformations that occur under the action of stressors 
in the bee haemolymph.  
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INTRODUCTION 
 
The haemolymph is the body insects’ fluid comparable with the blood of the 
vertebrates, but the haemolymph has only nutritive and immunological role, the respiratory 
function being negligible (More and Sonawane, 1987). The haemolymph is transparent, 
uncoloured (or light yellowish) and represents about 25-30% from the total weight of the bee 
at the hatching stage and decreases as the bee becomes older. The haemolymph contains 
proteins, amino acids, sugars, hormones, enzymes and many other substances in different 
concentration as compared with vertebrate blood (Milani, 1988). 
In specific literature the most part of researches in biochemical filed has focused on 
sugars (fructose, trehalose and glucose), proteins (vitellogen), amino acids (proline), 
hormones (juvenile hormone) contents and the activity of some enzymes. For example, a 
series of data shows that the total sugars level from honeybees’ haemolymph is the highest 
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from all the insect species, being used as the main energetic supply in the flight activity which 
requires a very high energetic consumption (Bozic and Woodring, 1997; Leta et al., 1996). In 
haemocytes area the most studies describes changes in cells type profile related with stages of 
body development, artificially infection (Papadopoulou-Karabela et al., 1993), different diets 
(Szymaśa and Jędruszukb, 2003) or starvation and dessication (More and Sonawane, 1987). 
This paper continues our research in biochemistry and cytology of haemolymph (Şapcaliu et 
al., 2008; 2009; Şapcaliu, 2010).  
The main stress factors found in natural conditions to Apis mellifera Carpathica bee 
causing serious losses to beekeepers and country economy are traveling for long distances, 
tiring, in poor conditions, at high temperature and poor ventilation, low humidity and 
insufficient food, correlated with poor access to water supply (Şapcaliu, 2010).   
The goal of this experimental study was to determine the variability of the main 
biochemical parameters and haemocyte types profile from natural living honeybees, compared 
to stressed bees (exposed to high temperature, over 30°C for about 36 hours, poor ventilation, 
after a tiring journey in FOTI cages).  
 
MATERIALS AND METHODS 
 
The study was performed in April and September 2009 on two distinct categories of 
subjects: healthy natural living honeybees and healthy honeybees affected by stress belonging to 
colonies of Beekeeping Research and Development Institute Bucharest, sanitary-veterinary 
surveyed. 
Stress conditions were achieved by fatiguing transport for 4-8 hours and maintaining 
bee families in Apiclimatron in FOTI transport cages up to 24-30 hours, in high temperature 
(over 30°C), low humidity, poor ventilation in the internal tube, compared to healthy bees that 
were kept in hives in normal microclimate conditions in the external tube (transportation 
stress). 
Measurements were performed on samples collected in active season -April and 
September 2009, for both natural living and stressed bees. For biochemical tests each sample 
contains haemolymph randomly harvested from about 50 bees. For differentiate haemocyte 
count each slide was performed from one bee. 
Collection of the required quantity of fresh haemolymph (300 µl/determination) was 
made by means of a glass capillary introduced between 3 and 4 tergites, in the sinus dorsalis 
of the bee’s circulatory system, and collecting of the haemolymph from capillary in a sterile 
syringe. The samples were analyzed by wet chemistry using Alfawassermann device aiming 
at assessing ALP (IU/L), GPT/ALT (IU/L), GOT/AST (IU/L), Ca total (mg/dl), CPK (IU/L), 
Cre (mg/dl), GGT (IU/L), GLU (mg/dl), Mg (mg/dl), T-Pro (g/dl), TG (mg/dl), UA (mg/dl) 
and Urea (mg/dl). The slides were made extemporaneously by fresh haemolymph, from both 
normal and stressed bees. Haemocytes examination was carried out after Giemsa staining on 
optic microscope with 40x and 100x objective for differentiate haemocyte count. There were 
counted cells on 10 slides/ group, totally 4 groups were formed in 2009: Apr –natural living 
bees, Sept –natural living bees, Apr –stressed bees and Sept –stressed bees. Based on Van 
Steenkiste’s (1988) classification five hemocyte types were identified and procentual counted 
in Apis Mellifera Carpathica Bee: prohaemocyte (PRO), plasmatocyte (PL), granulocyte 
(GR), oenocyte (OE) and other cells. 
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RESULTS AND DISCUSSION 
 
The biochemical parameters results obtained during the study are presented in Tab.1, 
2, 3, and 4. 
Tab. 1 
The main biochemical parameters of haemolymph in natural living honeybees - April 2009 
 
No. Parameter (UM) Value 
1 ALP (UI/l) – alkaline phosphatase 60 
2 GPT/ALT (UI/l) – alanine amino transferase 311 
3 GOT/ AST (UI/l) – aspartate amino transferase 393 
4 Total Ca (mg/dl) – calcium 3.28 
5 CPK (UI/l) – creatininphosphokinase 498 
6 Cre (mg/dl) – creatinine 6.90 
7 GGT (UI/l) – gamma glutamyl transpeptidase 2.56 
8 GLU (mg/dl) – glucose 340.5 
9 Mg (mg/dl) – magnesium 3.99 
10 T-Pro (g/dl) – total protein 2.51 
11 TG (mg/dl) – triglycerides 36.7 
12 UA (mg/dl) – uric acid 2.88 
13 BUN – urea (urea nitrogen) 42.63 
Tab. 2 
The main biochemical parameters of haemolymph in natural living honeybees - September 2009 
No. Parameter (UM) Value 
1 ALP (UI/l) – alkaline phosphatase 70 
2 GPT/ALT (UI/l) – alanine amino transferase 368 
3 GOT/ AST (UI/l) – aspartate amino transferase 336 
4 Total Ca (mg/dl) – calcium 3.1 
5 CPK (UI/l) – creatininphosphokinase 506 
6 Cre (mg/dl) – creatinine 6.1 
7 GGT (UI/l) – gamma glutamyl transpeptidase 3.33 
8 GLU (mg/dl) – glucose 377 
9 Mg (mg/dl) – magnesium 3.4 
10 T-Pro (g/dl) – total protein 2.4 
11 TG (mg/dl) – triglycerides 34.9 
12 UA (mg/dl) – uric acid 2.62 
13 BUN – urea (urea nitrogen) 41.2 
Table 3 
The main biochemical parameters of haemolymph in stressed honeybees - April 2009 
No. Parameter (UM) Value 
1 ALP (UI/l) – alkaline phosphatase 125 
2 GPT/ALT (UI/l) – alanine amino transferase 337 
3 GOT/ AST (UI/l) – aspartate amino transferase 458.5 
4 Total Ca (mg/dl) – calcium 5.25 
5 CPK (UI/l) – creatininphosphokinase 561 
6 Cre (mg/dl) – creatinine 8.85 
7 GGT (UI/l) – gamma glutamyl transpeptidase 32.15 
8 GLU (mg/dl) – glucose 327.25 
9 Mg (mg/dl) – magnesium 0.48 
10 T-Pro (g/dl) – total protein 2.96 
11 TG (mg/dl) – triglycerides 62.03 
12 UA (mg/dl) – uric acid 2.33 
13 BUN – urea (urea nitrogen) 46.2 
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Tab. 4 
The main biochemical parameters of haemolymph in stressed honeybees - September 2009  
 
No. Parameter (UM) Value 
1 ALP (UI/l) – alkaline phosphatase 158.5 
2 GPT/ALT (UI/l) – alanine amino transferase 372.5 
3 GOT/ AST (UI/l) – aspartate amino transferase 521 
4 Total Ca (mg/dl) – calcium 6.19 
5 CPK (UI/l) – creatininphosphokinase  535.5 
6 Cre (mg/dl) – creatinine 10.79 
7 GGT (UI/l) – gamma glutamyl transpeptidase 241.67 
8 GLU (mg/dl) – glucose 337 
9 Mg (mg/dl) – magnesium 0.42 
10 T-Pro (g/dl) – total protein 2.14 
11 TG (mg/dl) – triglycerides 66.35 
12 UA (mg/dl) – uric acid 4.03 
13 BUN – urea (urea nitrogen) 41.78 
 
The results analysis summarized in tab.1-4 shows the existence of a significant 
increasing of biochemical parameters values characterizing enzyme activity (ALP, AST, 
GGT), energy metabolism (CRE) and total calcium levels in haemolymph. It was found that 
alkaline phosphatase activity increases under stress, very significantly, from 60-70 IU/L to 
125-158.5 UI/L, AST enzyme activity significantly increased from 336-393 IU/L to 458.5-
521 IU/L. 
Under stress GGT enzyme activity increased very significantly, from 2.56-3.33 IU/L 
to 32.15-241.67 IU/L. Creatinine values increased significantly from 6.1-6.9 IU/L to 8.85-
10.79 IU/L, values are 5-6 times higher than the mammal blood. In comparison, total calcium 
values increased significantly from 3.1-3.28 mg/dl (bee sound) to 5.25-6.19 mg/dl (in terms of 
stress). Triglycerides increased very significantly from 34.9-36.7 mg/dl to values between 
62.03-66.35 mg/dl in terms of exposure to stressful factors. 
It is noted that for monitoring the bees health in metabolic stress conditions, is 
necessary to evaluate a small number of biochemical parameters: ALP, AST, GGT enzymes, 
creatinine, total calcium, magnesium and total triglycerides, other biochemical parameters of 
moving insignificant hemolymph. 
Compared with previous research conducted on healthy bees (Şapcaliu et al., 2008) 
which were followed seasonal variations of biochemical parameters of honey bees 
hemolymph, we found low variability in most biochemical parameters studied in natural living 
healthy bees in the two years of the experiment. Glucose and total protein values were 
comparable to those reported in literature, and activity levels of enzymes AST, ALT, GGT, 
CPK, and total urea showed higher values compared with those found in the blood of 
mammals, while calcium, magnesium, uric acid and triglycerides had values within the range 
in blood plasma of mammals (Rădoi and Cornilă, 2001).   
The percentages values are averages obtained from the 4 groups of study. The results 
show a large variation in some cells types from haemolymph between the 2 groups of natural 
living honeybees and the 2 groups of honeybees kept in stressful conditions. The serious 
differences are in the percentage of GR, PL and PRO. In natural living honey bees the GR 
cells are predominant (62-73%), followed by PL (20-22%) and OE (1-8%), while in stressed 
bees PL are prevalent (57.5-73%), followed by GR (15-15.5%) and PRO (7-18.5%). In 
stressed bees the PRO cells increased very significantly from 0.5% to 7% in April and from 
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1% to 18.5% in September. The GR cells decreased very significantly in stressed bees from 
62% to 15% in April and from 73% to 15.5% in September. 
The cytology results obtained during the study are presented in Tab. 5. 
 
Tab. 5  
Differential haemocyte count in natural living and stressed honeybees groups 
 
Group Prohaemocyte (%) 
Plasmatocyte  
(%) 
Granulocyte  
(%) 
Oenocyte 
(%) 
Other cells 
(%) 
Natural living bees 
April 2009 0.5 20 62 8 0.5 
Natural living bees 
September 2009 1 22 73 1 3 
April 2009 stressed 
bees 7 73 15 3 2 
Stressed bees  
September 2009 18.5 57.5 15.5 7.5 1 
 
 
In conclusion, we observe an inversion of prevalence in PL and GR, with increasing of 
PL and PRO cells in haemolymph of stressed honeybees. The OE and other cells showed 
variations, but not so important, between 1% and 8% in OE and 0.5% and 3% in other cells.  
Compared with the specific literature, we found the same dispute of predominance 
between PL and GR cells percent and changes in differential haemocyte count (Van 
Steenkiste, 1988; More and Sonawane, 1987) between the natural living and stressed honey 
bees.  
 
 
 
 
Fig. 1. Haemocytes in natural living bees (April 2009). Giemsa x 1000 
 
PRO 
PL 
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Fig. 2. Haemocytes in natural living bees (September 2009). Giemsa x 1000 
 
 
Fig. 3. Haemocytes in stressed bees (April 2009). Giemsa x 1000 
 
 
Fig. 4. Haemocytes in stressed bees (September 2009). Giemsa x 1000 
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This study continues our previous researches in biochemistry and cytology of 
haemolymph, but this time we investigate the differential cell count and biochemical changes 
in stress conditions. We propose to identify some changes that are manifesting in the bee 
organism in stressful conditions, in order to monitor the bee health status. Biochemical 
investigations correlated to the cytological ones more accurately reflect the transformations 
that occur under the action of stressors in bee haemolymph. Metabolic and cytological 
investigations may have important preventive value by highlighting some fine changes 
occurring before the clinical manifestation. Under stress conditions in the bee body occur 
important changes revealed by the existence of significant changes in biochemistry and 
cytology of haemolymph.  
 
CONCLUSIONS 
 
- The wet chemistry and cytological analysis results performed on the 2 groups of natural 
living honey bees and the 2 groups of honey bees keeped in stressful conditions showed 
significant changes in biochemical parameters concentration and differentiate cell count of 
hemolymph under the stress influence. 
- The AST, ALT, GGT, CPK enzymes, glucose and urea levels in haemolymph registered 
very high values comparing with those found in the blood plasma of the mammals; the 
calcium, magnesium, uric acid and triglycerides values are close to those from the blood 
plasma and the creatinine values are 5-6 times higher than those detected in the blood plasma. 
- The parameters of the mineral metabolism of hemolymph are characterized by low 
detectable values for Ca and very fluctuant values for Mg. 
- Metabolic profile investigation of bee colonies under stress conditions compared with 
bees colonies unstressed in Apiclimatron terms, based on the assessment of major changes in 
biochemical parameters in haemolymph, shows increased enzyme activity, the amount of total 
calcium, creatinine and triglycerides, while decreasing total magnesium under conditions of 
stress. 
- Assessment of metabolic profile of bees in stressful conditions shows the importance of 
monitoring enzyme activity (alkaline phosphatase, aspartataminotransferaze, gammaglutamil-
transpeptidaze) and calcium and magnesium total concentration, creatinine and triglycerides, 
reducing the number of investigated biochemical parameters. 
- In natural living honeybees the GR cells are predominant, followed by PL and OE, 
while in stressed bees PL are prevalent, followed by GR and PRO.  
- In stressed bees the PRO cells increased very significantly and the GR cells decreased 
very significantly, while the OE and other cells showed no important variations.  
- The cytological profile of bees in stressful conditions shows the importance of 
monitoring the differentiate haemocyte count, especially the PL and GR percent.  
- Biochemical investigations correlated to the cytological ones more accurately reflect the 
transformations that occur under the action of stressors in bee haemolymph. 
- Metabolic and cytological investigations may have important preventive value by 
highlighting some fine changes occurring before the clinical manifestation. 
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